Background. Women with breast cancer increasingly undergo contralateral prophylactic mastectomy (CPM). We evaluated the relationship between preoperative magnetic resonance imaging (MRI) findings and CPM. Other clinicopathologic variables associated with CPM choice and the pathology found in the contralateral breast are also reported. Methods. Newly diagnosed breast cancer patients were prospectively enrolled in the University of Iowa Breast Molecular Epidemiology Resource. Patients with stages 0-III breast cancer who underwent mastectomy for the index cancer were eligible for this analysis. Univariate logistic regression and a multivariate model were used to identify factors predictive of CPM. Results. Among 134 patients (mean age 54.9 years), 53 (39.6 %) chose CPM. On univariate analysis, patients undergoing CPM were more likely to have a preoperative breast MRI (64.2 vs. 39.5 %, p = 0.006) and to have follow-up testing recommended for the contralateral breast (28.3 vs. 4.9 %, p = 0.001). Univariate analysis also associated CPM with younger age (p \ 0.0001), BRCA testing (p \ 0.0001), BRCA mutation (p = 0.034) and reconstruction performed (p = 0.001). Median age of youngest child at diagnosis varied significantly between the CPM (15.9 years) and non-CPM (24.3 years) groups (p = 0.0018). On multivariate analysis, MRI follow-up recommendation, young age, reconstruction and human epidermal growth factor receptor 2 (HER2) positivity of the index cancer were significantly associated with CPM. Of the CPM specimens, one (1.8 %) had ductal carcinomain situ, which had not been identified on MRI. Conclusions. Abnormal findings in the contralateral breast on preoperative MRI, as well as young age, reconstruction and HER2-positive status correlated with CPM choice in this cohort. Occult malignancy was rare.
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Women with newly diagnosed unilateral breast cancer increasingly elect to undergo contralateral prophylactic mastectomy (CPM). [1] [2] [3] [4] A variety of tumor and patient characteristics contribute to the decision to pursue aggressive surgery to lower the perceived risk of future cancer. The majority of women choosing this procedure, however, have no known genetic susceptibility or other strong risk factors for a second breast cancer.
For most patients, risk of death is greater from the primary breast tumor, not from a future second malignancy in the contralateral breast. Studies report rates of contralateral breast cancer between 0.5 and 0.75 % per year. 5 In older series, contralateral cancers account for 2.5 % of breast cancer deaths. 6 Contemporary systemic treatments further decrease the risk of developing cancer in the contralateral breast. [7] [8] [9] For average-risk women with breast cancer, CPM appears to offer little or no survival benefit. [10] [11] [12] [13] A Cochrane review found no overall survival benefit to the prophylactic procedure.
14 However, the CPM rate continues to rise.
Preoperative magnetic resonance imaging (MRI) has been evaluated as a factor contributing to higher CPM rates. Some reviews show that women who undergo breast MRI elect both mastectomy on the affected side and CPM with greater frequency. 12, 15, 16 Although MRI has high sensitivity for the detection of multifocal, multicentric or synchronous contralateral breast cancers, there is increasing evidence that breast MRI confers no advantage with respect to attainment of negative margins or lower rates of reoperation. [17] [18] [19] Additionally, the high incidence of falsepositive MRI findings could be of clinical relevance. Women with a new diagnosis of cancer may elect more aggressive treatment because of the perception of a possible malignant lesion in the contralateral breast.
To assess factors contributing to a decision to undergo CPM, we used a data set of prospectively enrolled, consecutive patients with newly diagnosed unilateral breast cancer. The goal of this analysis was to characterize the relationship between a preoperative MRI and the patient's decision to pursue CPM, with specific attention to the rate of contralateral MRI findings for which follow-up is recommended and the choice to undergo CPM.
PATIENTS AND METHODS

Study Population
Patient and clinical data were obtained from Breast Molecular Epidemiology Resource (B-MER) of the University of Iowa. Newly diagnosed breast cancer patients were prospectively enrolled from April 2010 through March 2013. Women were included in this cohort if they underwent mastectomy for the index breast cancer. Patients who were diagnosed with bilateral breast cancer before preoperative MRI were excluded. The University of Iowa Institutional Review Board approved this study.
Prophylactic mastectomy was defined as removal of the contralateral breast within 12 months of definitive mastectomy. Recommended follow-up of the contralateral breast MRI was defined as the recommendation for any imaging or procedure on the contralateral breast other than immediate ultrasound evaluation.
Statistical Analysis
Univariate logistic regression was used to identify factors predictive of undergoing CPM. A multivariate logistic regression model was fitted to examine the relationship between MRI and CPM after adjusting for recommendation for MRI follow-up, age, whether the patient's youngest child was under the age of 6 years at diagnosis, BRCA testing, BRCA test result for those who received testing, family history, nodal status, history of benign biopsy findings, receptor status [hormone receptor (HR), human epidermal growth factor receptor 2 (HER2), and triplenegative breast cancer (TNBC)], body mass index and reconstruction performed. All p values were two-tailed, and values of p B 0.05 were considered significant. All statistical analyses were completed by Stata statistical software, release 12 (StataCorp, College Station, TX).
RESULTS
Patient Characteristics
Among 134 patients who underwent mastectomy, 53 underwent CPM. Characteristics of both cohorts are shown in Table 1 . No patients had undergone prior mantle radiation. A single patient who was diagnosed with synchronous bilateral breast cancer was excluded from analysis.
Preoperative breast MRI was completed in 66 patients (49.3 %). Patient age and tumor size were not predictive of the likelihood of undergoing an MRI on univariate analysis (p = 0.217 and 0.774, respectively). Of these imaging studies, 19 (28.8 %) found areas of concern in the contralateral breast for which immediate biopsy or follow-up imaging in 6 months was recommended. Indications for the preoperative breast MRI and follow-up recommendations for the contralateral breast are shown in Table 2 .
Predictors for Undergoing CPM
On univariate analysis, patients undergoing preoperative MRI were more likely to choose CPM (odds ratio 2.74, p = 0.006; Table 3 ). Those women who were given a recommendation for a follow-up test were even more likely to pursue CPM (odds ratio 7.60, p = 0.001). Univariate analysis also revealed associations between choice of CPM and age younger than \50 years, reconstruction performed and BRCA testing. Women with children under the age of six were more likely to elect CPM, although this relationship did not achieve statistical significance. The average age of the youngest child between the two groups (15.9 years for CPM group and 24.3 years for unilateral mastectomy group) was statistically different (p = 0.002).
On multivariate logistic regression, MRI follow-up recommendation, patient age and reconstruction remained significant (Table 4 ). HER2 status of the index breast cancer also achieved significance in this analysis. The indications for MRI did not correlate with CPM on multivariate analysis and did not change the significance of the other variables.
Histological Findings in Mastectomy and CPM
CPM was performed at the time of index mastectomy in 94 % of the patients. The pathological findings within the CPM contralateral prophylactic mastectomy, OR odds ratio, CI confidence internal, MRI magnetic resonance imaging, BMI body mass index, HR hormone receptor, HER2 human epidermal growth factor receptor 2, TNBC triple-negative breast cancer a For those who received testing (n = 45) CPM specimens included 34 proliferative disease without atypia and one proliferative disease with atypia. A single case of ductal carcinoma-in situ was found in the contralateral breast, which was not detected on the preoperative MRI.
DISCUSSION
In this series of prospectively enrolled patients with breast cancer, factors associated with CPM on multivariate evaluation were young age, follow-up recommendation of the preoperative breast MRI, reconstruction and HER2 positivity in the index cancer. At our institution, we do not recommend CPM on the basis of tumor histology, receptor status, age, imaging findings or symmetry after reconstruction. In fact, our surgeons and oncologists specifically counsel patients on the low risk of developing contralateral breast cancer and lack of survival benefit with CPM. In patients with BRCA or other predisposing high-risk gene mutations, and in those who have received chest wall radiation, the risk of contralateral breast cancer is specifically discussed to aid in their decision for surgery.
We found that a recommendation for follow-up evaluation of the contralateral breast led to a markedly increased rate of CPM, adding to existing knowledge on the role of MRI in surgical decision making. Previous work reported preoperative MRI as a predictor of CPM. 12, 15, 16 Here, preoperative MRI itself was not an independent predictor of CPM in multivariate analysis. Rather, it was an abnormal finding on preoperative MRI in the contralateral breast that was associated with a sevenfold increase in the likelihood of electing CPM. This is consistent with the retrospective report of almost 3,000 patients in whom additional biopsy findings based on MRI findings were associated with higher CPM rates. 20 This work extends the concept, looking not just at biopsy findings but also at the perception that there may be an area of concern and that further testing will be needed at some future time.
We also evaluated age of youngest child at diagnosis as a possible independent risk factor for CPM, as some have reported that social and cultural factors contribute to higher CPM rates. 21, 22 We noted in our study cohort that the age of the youngest child was lower in women who chose to undergo CPM. Thus, we hypothesized that it was not patient young age but having young children at home that might lead to the choice of CPM. We included it as a covariate in the multivariate model. We describe age 6 years because it is the cutoff age when children go to kindergarten; however, we also ran sensitivity analyses with the following age cutoffs: 4, 6, 10, 12 and 18 years. None were significant.
In this recent cohort, HER2-positive status of the index cancer on multivariate analysis correlated with the decision for CPM. Earlier series predate HER2 testing and would not be able to evaluate the association of HER2 status with CPM. This finding that HER2 status influences CPM needs to be confirmed. Recent reports suggest that HER2-positive breast cancer is more often multifocal or multicentric, and more likely to have associated extensive ductal carcinoma-in situ, than HER2-negative disease. 23 This could lead to more frequent failed breast conservation, which has been associated with CPM. 20 Furthermore, the perception of more serious disease could have contributed to the decision for CPM.
Family history of breast cancer, defined in this data set as a first-degree family member with breast cancer, OR odds ratio, CI confidence interval, MRI magnetic resonance imaging, BMI body mass index, HR hormone receptor, HER2 human epidermal growth factor receptor 2, TNBC triple negative breast cancer correlated with CPM choice but did not achieve statistical significance. Multiple retrospective studies have previously associated family history with CPM, although family history is frequently defined more broadly. 4, 12, 20 A positive BRCA test did not correlate with CPM choice in this series, likely as a result of small numbers.
The CPM rate in this cohort of women diagnosed from 2010 to 2013 was 39.6 %. This rate is markedly higher than seen in most series, which generally begin at earlier time points. A review of the National Cancer Data Base found that women from the Midwest and women treated at academic institutions are more likely to undergo CPM. 24 Women enrolled in the University of Iowa B-MER were from one of the states included in the Midwest and generally, but not exclusively, were treated at our academic center. We are a regional referral center for breast reconstruction, which may bias our population. Indeed, reconstruction remained an independent predictor of CPM on multivariate analysis. Still, the CPM rate reported by Yao et al. 24 for 2002 was 9.4 %. Our more recent data suggest that the trend of women selecting this elective procedure is not ebbing.
This series found a single case of ductal carcinoma-in situ in the contralateral breast, which was not detected on MRI. An occult carcinoma rate of 1.8 % is in keeping with other series where clinically and mammographically occult contralateral breast cancer is found 2-3 % of cases. 15, 25 In all cases, the abnormal MRI findings, for which follow-up was recommended, did not represent malignancy.
Limitations to this work include a relatively small series of patients and the fact that patients were enrolled at a single academic institution. However, the data are significant in that it may be more representative of surgery in rural states. Some patients may have chosen CPM for symmetry, given their planned unilateral mastectomy, although there are other options for obtaining cosmetic balance. Further, such patients would have been less likely to be influenced by an abnormal MRI finding if they had already made an aesthetic decision.
The high rate of CPM and the factors contributing to selection of this aggressive surgical choice reported here occur in the setting of an academic multidisciplinary breast program with physicians routinely counseling patients on the lack of survival benefit for a contralateral procedure. These results add to evidence that can be used to counsel women on the risks and benefits of CPM, particularly in the context of abnormalities found in the contralateral breast on preoperative MRI. This expanding literature will, we hope, provide more information for evidence-based discussions between physicians and patients during the stressful period of diagnosis and treatment planning.
